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Abstract
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Table 1: Comparison of NAS Origin System CPU Utilization (%) Reports

Measurement
Y#[A\#\#]	^ `	a�]cb�]~^

SAR 53.6 47.3

uptime 56.7 47.8

qstat -r 80.8 76.7
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Table 2: Number of CPUs for the typical Origin job

Machine CPUs standard deviation

hopper requested 13.6 11.1

hopper utilized 10.2 9.1

steger requested 23.3 21.0

steger utilized 18.3 13.8
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Table 3: Average Queue Wait Times (Minutes)

Service Cray vn Origin hopper Origin steger

less than 2-hour request 48 45 97

more than 2-hour request 257 648 270
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l3+2��$��	�:_O"#��45SO������,��������E*B�:0/12��"#�E+2���3�/����+2���������	0�����67"#��89�:�	�������	�/��450/���M�/*��:�/H��'67"#8A*�+-����,#��>?��Y#[A\#\#]	^	Q#�/*��,�%3,��/��6�������0/���	67"#�B8A�:+2��89�	��"#,���,i,�12��H�12%D"#��45�/*�����,�1-��Hp12%'4���89�	��"#,���,RQ#4�+2,���1-"#%�+2���D�/*��:,�"#67�:�3��*�"#K3+2���M"#,i�E*B�,�%3,��/��6�$��/+212+2g#"#�/+2������l�+-��$����:_O,�*���H�,i"O�����	0�����67"#��89�:,���+2I3�:�E�'"#����$���T#(#ef��0B����"#I'"#��4�"#%'_#j#_���hu��"#67+-��"#�E+2������0�/*��:"#8A8A��$��B�E+2���D12����,i�	��KL��"#12��45�E*�"#���/*��:$�,����."#����12+289"#�E+2����Hp"#,�"O67$�12�E+2������8A��,�,R���.,���67+289���B4�$�8A�/���M4���KL+28A�67��4���1212+2���D8A��4��:��67��12��%3+2���'krV�=B"#��45nu�CKL��1��O��n�FG;��/�',���12K3�:"O12+2�B�C"#�.,�%3,��/��6���0����3$�"#�/+2����,#��FG12�/*���$���*p�E*�+2,8A��4��:$�,R��45"O8A����,�+24�����"#��12�:"#67��$��B�L��0�UWV�XZ�/+267�:����4�"#%D_#j#_#Q#�E*��:89��4��:Hp"#,�,��/+2121���� ��8A$��/+2���D�/�C,R�L���	����12��67,���)�*��67$�8A*�12"#�������.�	��"#1�89"#,���,�6@$�,������:89"#�	��0/$�1212%'89��4���45�/�'����,�$����:12��8A"#1�67��6@����%'"#898A��,�,i+2�����	4����.�E�'4�+2,���12"#%',R$�8A**�+2�3*�������0/����67"#��89�3��N#(#�
�

Table 4: Estimated Floating-Point Performance (GFLOPS) for the SGI Origins

Machine Estimated Performance Standard Deviation

hopper 1.78* 0.80

steger(128/256) 4.08/6.18* 1.49/2.34
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;�+2��8A�w�E*���,R�W6@�C"#,R$�����67�����/,��E����"#�3"#8A�/$�"#1�67$�12�/+2������89��,�,�����H�����I�12��"#4�,�Q|�/*���+2��8A��67��12��� +2�/%?"#��4}�	��"#12+2,R6¶���	��K3+24���,�"12+267+-�E��45"#��+-12+2�E%D�/�?+2,R��12"#�/�:�����	0�����67"#��89�:�C0�0/��8A�/,#� XG��4����.�E*B��,��:8A+2��8A$�67,��/"#��8A��,RQ#+2���/���	�������E+2���D������0/����67"#��89�:�	��,R$�12�/,H�+2�/*�"O*�"#��4�H�"#���:8A��$����/���M+2�BK3��12K3��,i8A��67��"#��+2���'�/*��:89��$��B�E���.��$��E��$��L��0�,���KL���	"#1�*B+2��*��������	0�����67+2���D8A��4���,�Hp+2�E*�/*��:"#����12+28A"#�/+2�������MH�����I�12��"#45+2���3$��C,R�E+-��������"#Hf8A��$����/,�Q#,�$�8A*�"#,i�E*B�w�B$�67�3�C�.��0�8A"#89*��:67+2,R,���,�Q#6@$�,������:��12"#89��4+2���/�?"O89���B�E��� �EQ#,R$�8A*p"#,��/*��:�	"#�/+2�'��0�89"#8A*��:6@+2,�,R�C,i�E�'67��6@����%'�������	"#�/+2����,�Q#�/�?�3��������"#�E�:"O67��"#��+-����0�$�167��"#,R$��	��6@�C�B����)u*��:h�K3������UW��$����/�C��,�������K3+24��:,R��67�:89���B�E��� �E����"#,���45,R�E"#�/+2,��/+28A,RQ#H�*�+-8A*�,R*���4567���	�:12+2�3*�������������3�	"#6������	0/���	6@"#��8A�:�/*�"#���/*��:�	"#Hf8A��$����/,��/*���67,R��12K3��,RQ#,��'�E*��:4�+2,R8A$�,�,�+2�����3�C1-��HfH�+2121�0���89$�,������/*���,��,��/"#�/+2,��/+28A,���)�"#��12�:_O������KL+24���,�"#�p�C� ��12"#��"#�/+2����0/���M,R��K3����"#1���0B�E*��:������������KL+2��$�,�,R�E"#�/+2,��/+289,#�

)�"#�312�:SO���	��K3+24���,i"O8A��67��"#��+2,�������0��E*B�:; <!=Bh�KL�����L;��E"#�/+2,R�E+289,�0/���M"O*B+2��*B�/�����	0�����67+2���D8A��4��:H�+2�/*��/*���,��:��0�"67��"#,R$��	��45Hp����I�1-��"#45+2�B�E����K3"#1���)�*B�:8A��4��:+2,�"O��=�; UW�/�����/+267+2g#��45UWl3�s�������3�	"#6@Q#F���UW�#�}��N#N#�
��)�*B�w6@��"#,�$�����4H����	I312��"#45+2���/���	KL"#12Q#12"#����1212��45z����:Q#�	��������,������/,������:��0B�E*��:*B+2��*����.�����	0�����67+2���D+2���/���	KL"#12,�Q#0����.H�*�+289*��/*��:; FG����C�������E��45N#(#(#ef$�,R���M$��E+212+2g#"#�/+2�����

Table 5: Definitions of Key Event Counter Statistics

Statistic Comment

Primary cache line reuse Number of times, on average, that a primary data
cache line is used after it has been moved into the
cache.

Secondary Cache Line Reuse Number of times, on average, that a secondary data
cache line is used after it has been moved into the
cache.

Primary Data Cache Hit Rate Fraction of memory accesses satisfied from a cache
line already resident in the primary data cache; com-
puted as: 1 - ratio of L1 cache misses to the sum of
memory loads and stores.

Secondary Data Cache Hit Rate Fraction of memory accesses satisfied from a cache
line already resident in the secondary data cache;
computedas:1 - ratioof L2 cachemissesto L1 cache
misses

Time accessing memory/Total time Sum of the estimated times of loads, stores, primary
data cache misses, secondary data cache misses, and
TLB misses, divided by the total program run time.

Primary-to-secondary bandwidth usedRate of data movement between the primary and sec-
ondary data caches (megaBytes per second).

Memory bandwidth used Rate of data movement between the secondary data
cache and main memory (megaBytes per second).
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¬ )��'�����B�C��"#�/�w0�12��"#�/+2���3�/����+2���������C��"#�/+2����,RQ#"O*�+2�3*��/������0/���	67"#�B8A�:8A��4��:�����3"#����,i+2��0/"#�.12��,�,�6@��67���	%D"#8A�/+2K3+2�/%�/12��"#4�,�"#�B45,��/������,����/*�"#���/%3��+28A"#1���FG;GH����	I312��"#458A��4���,#������12"#�E+-K3�:�/�?z����:Q#F���UW�#�s4u+2,���12"#%3,�"O�3�	��"#�/���Mn�&8A"#89*����/�/����67��67���	%D��"#��4�Hp+24��/*��E��"#��,R0/���M��"#�E�:"#��4J�E*��:*�+-��*����.FG��UW�#�Zn�&O8A"#89*��:67+2,�,i�	"#�/�:���	��4�$�89��,��/*�+2,���C,R$�12�
�
¬ FZ*�+2�3*������	0�����67"#��89�:8A��4��:�	���3$�+2����,�0/��Hp���M"#$�� +212+2"#��%'+-��,��/�	$�8A�/+2����,RQ#,�$�8A*�"#,i"#4�4��	��,R,�8A"#1289$�12"#�/+2����,�Q#�/��3�C�B���	"#�/�:0/12��"#�E+2���3�/����+2�����������	"#�/+2���B,#�
¬ FZ*�+2�3*��/������0/���	67"#�B8A�:8A��4��:4����C,i�����L����89��,�,�"#��+212%D4�+2,���1-"#%'*�+2�3*�4�"#�/"O8A"#89*��:*�+2���	"#�/��,#�
=�0��/*��:F���UW�#�Z8A��4��:+2,�"O�/%���+289"#1��	��������,������/"#�/+2K3�:��0���N#(#�w�������/+267+2g#��4589��4u�CQ#�/*�+2,i8A��67��"#��+2,�����+2��4�+289"#�E��,i�E*B"#������E+26@+2g#"#�E+2������0���FG;G8A��4���,��	���3$�+2�	��,i"O��12����"#1�"#��������"#8A*��/�?����4�$�89�w6@��67���	%D�	��0/��������8A��,��)�*��:��"#�E+-�?��0�l3n�>GV�;��/�?6@��67���	%D�	��0/��������8A��,i0/���.z�����+2,i(�� �#�#S#Q#67$�89*�12��H����.�E*�"#�p�E*��:N�� (O��"#�E+2�'*�+2,R�E���	+-8A"#1212%8A*B"#�	"#8A�/���	+-,��/+28P��0��/*��:UWx#(O��F�;GH����	I312��"#4P��N#�
��)u*��:�	��"#,R����0����.�E*B�:Utx#(#��,i"#��+212+2�/%'�/�'����������"#�E�:0�12��"#�/+2���3�/����+2����������	"#�/+2���B,�H�+2�/*�0��CHp���M6@�C6@����%'����0/�����C�B8A��,�+2,i�E*B�:12"#�	�3�:"#67��$�������0B12��89"#1�,��/����"#���:Hp*�+28A*pH�"#,����	��K3+24���4�����C89+2,���12%D�/�?"#KL��+2456@��67���	%D12��"#4�,i"#��45,R�E���	��,���=/��"#4u4�+2�E+2�����/�?oOS#T#����12��67������0/12��"#�E+2�B���/����+2����KL�C89�E���.�	���3+2,��/���	,�Q�/*��:UWx#(O���	��K3+24���,ioO"#4�4��	��,R,�������+2,R�E����,�"#��45oO,R8A"#12"#�.�	���3+2,��/���	,RQ#��"#8A*�*�"#KL+2���D"O,�������0BS#TO��"#8AI3$��}������+2,R�E����,#��)�*B�;�<!=�>?��+2��+2�p*�"#,�S#TO,R+2����1-�C����12��67������*�"#�	4�Hp"#�	�:������+2,R�E����,�Q#Hp*�+28A*�6@$�,���,�����K3�:"#,i0/12��"#�E+2�B���/����+2���/Q#+2���/��������Q#"#��4"#4�4�����,�,�������+2,R�E����,#�
FZ,�+26@��12�:"#��"#12%3,�+2,#��N#&#��,�*B��Hp,�*���H�6@�C6@����%'1-+267+2�/,��/*��:��N#(#��������0/���	67"#�B8A�3��)�*��:"#KL���	"#�3�:�E+26@�:�E�'"#8A89�C,R,67��67����%�Q#a/ª9²�b�Q|+-,��E*B�w,R$�6���0��E*B�w��������"#��+212+2�/%3�/H���+2�3*��/��45"#8A8A��,R,��/+267��,�0/���M��"#89*���0��/*��:�E*B�	���:67��67���	%D*�+2���	"#��8A*B%

Table 6: Comparison of SGI Event Counter Statistics

Event Statistic ARC3D WRK Comment

Instructions/cycle 0.96693 1.11338

Floating-point instructions/cycle 0.40268 0.15632 ARC3D more efficient

Loads & stores/cycle 0.34944 0.46392

Loads & stores/floating-point instruction 0.86777 2.96775 ARC3D data reuse

L1 Cache Line Reuse 18.6215 18.5680

L2 Cache Line Reuse 7.02746 29.3948

L1 Data Cache Hit Rate 0.94904 0.94889

L2 Data Cache Hit Rate 0.87543 0.96710

Time accessing memory/Total time 0.81854 0.74649

L1--L2 bandwidth (mB/s) 208.859 276.688

Memory bandwidth (mB/s) 99.1731 36.8000

MFLOPS (average per process) 105.671 39.0800 ARC3D-20% of peak
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a/ª9²�b�¸}��NO­M�/NO¹}��NO����N#��­M��&O¹5�/NO�B��N#��­M�/NO�B��&#��­M�E6@Q�H�*������
��N#�/&#�B¸}�������3"#��+212+2�/%D��0�"OnuN#�/&#��89"#8A*��:*�+2��/N#�/&#��¸5n�N#�/&#��89"#8A*��:"#898A��,�,i�E+-67��/6�¸}6@��67���	%D"#8A8A��,R,��/+267�
z�+2�/*�12��H����	������$���45"#898A��,�,i�E+26@��,�0/����6�; ��8A�/+2����&O"#��45)u"#��12�:S#Q
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���/(�� o#j#� N#S#�
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­	��;�<!=B+2��8A12$�4���,�"O0/"#89�E���.��0�N�� SO�/�'8A��67������,R"#�E�:0/���M$���4����	���������	�/+2���D0/12��"#�E+2���3�/����+2�����������	"#�/+2���B,
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Table 7: Workload Performance Comparison of NAS Parallel Machines

Machine
user/

system/
idle

Measured
System

GFLOPS

System
Efficiency

%

Average
User Job-

CPUs

Average
User-Job
GFLOPS

16-CPU Cray C90½�¾ 82/05/12 3.78 23.6 1.53 0.415

144-CPU IBM SP2babbage 63/01/36 1.30 3.39 15.6 0.226

64-CPU SGI Origin¿�À�Á�Á�Â�Ã 53/04/42 1.78* 5.56 10.2 0.497*

256-CPU SGI OriginÄ�ÅEÂ©Æ�Â�Ã 48/05/46 6.18* 4.83 18.3 0.833*
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NAS Origin hopper-System Utilization
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NAS Origin steger-System Utilization
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Ì�ÍRÎBÏwÐCÑ7Ô

NAS Origin hopper:Time-weighted CPU Usage
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NAS Origin steger:Time-weighted CPU Usage
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Ì�ÍRÎBÏwÐCÑ7Ö

NAS 64-CPU Origin hopper-Reported System Performance
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NAS Origin steger-Reported System Performance
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